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W E BT ZSM-5 BE S TR R RS GR%, 7 77 K/5 MPa, 195 K/7 MPa, 293 K/7 MPa %
#F, ZSM-5 S 4FRa s R 858 1.97%., 0.65% #1 0.4%. H Clausius—Clapeyron JER7 4 % B
(3.8kJ/mol) SWHBTRX, BHES THE-FHEDRHHSIHRER. BREINRHEiLSHRR ] ABREFERLEHA
ZE, M TRIEARMSRES, #3ET Toth FEMHSRESANERITREENSLTRIFEY B, dEBEEHHEBHE
WEHEA R ZE 77 K 353 55.6 kg/m®. BEEHSEHE T BER A TEERILEE S FH -0 RETIE, AT ZERIL
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ABSTRACT The supercritical adsorption behaviors of hydrogen on microporous zoelite ZSM-5 were
investigated at 77, 195 K and room temperature (293 K) and at pressures up to 7 MPa, using a volumetric
method. The measured hydrogen storage mass fractions of ZSM-5 are 1.97% at 77 K/5 MPa, 0.65%
at 195 K/7 MPa and 0.4% at 293 K/7 MPa respectively. The isosteric heat of adsorption for hydrogen
calculated by the Clausius—Clapeyron equation is independent on increasing hydrogen loadings, which
indicates that ZSM-5 is an energetically homogenous adsorbent for adsorption of hydrogen. By means of
the surface excess adsorption theory, several models describing type—| isotherms have been used to analyze
the supercritical adsorption isotherms. It is shown that the isotherm model based on Toth equation can
preferably describe the experimental data over the entire experimental range. A density of the adsorbed
hydrogen of 55.6 kg/m? at 77 K is estimated by the model. The mechanism of hydrogen adsorption in
microporous zeolite at supercritical conditions is explicated in term of the values of parameters in the
models defined by nonlinear regression. It is confirmed that the hydrogen adsorption in the microporous
zeolite is physisorption.

KEY WORDS inorganic nonmetallic materials, hydrogen storage, supercritical adsorption, zeolite
molecular sieve ZSM-5, surface excess adsorption
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Fig.1 Framework structure of zeolite ZSM-5
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Fig.2 Schematic diagram of high—pressure adsorp-
tion apparatus 1 hydrogen source; 2 pressure
gauge; 3 gas purifier; 4 pressure transducer;
5, 6, 7 diaphragm mass and the sum valves;
8 vacuum pump; 9 filter; 10 reference cell; 11

adsorption cell; 12 cryostat; 13 thermoscope.
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Fig.3 Adsorption isotherm of hydrogen on ZSM-5
solid circle is for adsorption, open circle is for

desorption
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Fig.4 Isostertic line of hydrogen on ZSM-5
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Fig.6 Surface excess adsorption isotherm at 77 K (a) and 195 K (b) and absolute adsorbed amounts

calculated from eqn. (4a, 4b). L is for Langmuir, L-F is for Langmuir-Freundlich, and T is for

Toth equation. open circle is for experimental data, the curves through the open circles is for

fitting from eqn.(2) and (4)
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Table 1 Parameters in isotherm equations determined by fitting of experimental data

Equation Toth Langmuir-Freundlich Langmuir
T(K) 77 195 195 77 195
va(ml/g) 0.32 0.25 0.30 0.26 0.09 0.20
t 0.50 1.1 0.62 2.8

AR EREA, ENRARKN. AR 1 FHRKY
77T K #1195 K TRYRMHHEER v, S ¢ WE
AL A Toth ARG IS8R MHERRK,
Langmuir Ff2/IE/N. T H Langmuir-Freundlich
FRUEPIHRR ¢ B KT Toth FREMIBH ¢ {H,
X533 Langmuir-Freundlich 7572 B i i 28 X% Bi
B E TS T Toth R A TFXHIMEE
WM EVER, EE—FEMRMES T, Langmuir-
Freundlich iR R £ X% Mt B & K, Langmuir J5
R/, Toth FRKES.

ASCHT K ZSM-5 # B FLZAR 0.36 ml/g, {H
£ 1% 77 K TEHRMAKB/NF ZSM-5 B8
LA, XRFELRHERY. HEEE ERARE
Y ESEEMALPHRENEAR FieFREEMUT
KK TR, 2RO TT XTI AR (4) edl
B TR TS AR S AR, B R 1 R
W R AL, XERMEZDAXERM, &
WREESTRE AL TFREIERRENER, H
FEES THNMBEMES THSMHEE. YEERH
FE 70, W R ECAE Y 38 I, (B BE & TR B Ay Y —
AR, MRS (6] A g S 3 B S 8 TR B AR
BE. YSMHEESET RS ER, RHERAE—
AMEKE, At RESREREE AT, XRAHAR
THT 2o 8 IR R A A W S R PR IE B . (HLR:, XA
W ML R TS A B IR B B I AN B TR L,
HIER W2 EFRFEE—RSSMH. Bk, BER%
Rt B TR R AR AR R R 12 /N T IR R L. 2 1 A
Toth F#&F Langmuir-Freundlich & B34
B MAEAR v, 5 ZSM-5 BIFLAZER/D, ATLLAR
WEREEY. MA Langmuir 77 24U G55 0R K48
IR v, AL 0.09 ml, B ZSM-5 LA /N—1 ¥k
%, R Langmuir FRUGHIEIERZEE K.

mAE 7 W&, f1 Toth M Langmuir-
Freundlich 75215 Brig i % M A 2% BE# /D TR
#E, A Langmuir 777215 2 & 05 B AH 25 B N5
LR TWEMEE. XESERRE (33.2 K) HE
BT B XA RS &G T BRERTAER. 5
JRRAET, iR 28 O R P4 69 1 8 Langmuir J7
R FEE U LA R L S e R B ZSM-
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Fig.7 Calculated adsorbed phase density from
eqn. (4a, 4b) and (3) for hydrogen on ZSM-5
at 77 K

5 R LTRSS, T Toth FEM Langmuir-
Freundlich 77 &880 T 5 5V M B 57 R B 77l 6 T 77
FERBH—N25 ¢ WHES 22 A8, YRR
H—MEEPOEM— 0 FuF ¢ 8 1, XA TR
BEIET Langmuir 7; 24— 152 500 5
NaFErt R 05, ¢ H—B/ADT 1 HFERENAS
MR, WFE 1 v[4, WA HBIE 77 K THe
tHAR/MT 1T 195 K Fay ¢ [EHAKT 1. EHHET
Toth 77#2, | Langmuir-Freundlich 7578 7§ H 81k
MEBETH 1 KRZ, 1 HAEMRERREEBE Henry
HE. BEFTR, Toth FREFE HEH AR ZSM-5
HEEEF R SFRE. EH, AC7ER LR 5EE
HHER M ERER Toth HE.

KA LR 8 %)H 77 K/5 MPa, 195 K /7 MPa
1293 K/7 MPa T & R B AH 2 BE 43 51 24 55.6. 20.6
M1 11.9 kg/m3. Nijkamp %5 8 3t 77 K TG L+
AWM BRI HER Y 4kg/m* (WY THREE
By 63%), AT AR RMmE. HImETRE 54
METERLE, SARSURHB TRESEER X
TR ZAT, EgEK % ESFN 16.3, 8.20 M
5.40 kg/m?. X RABH FHALFEHEEN THE
FRAZ M, B—Filn R ik
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